
US 20070253470A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.I US 2007/0253470 A1 

Bachl et al. (43) Pub. Date: Nov. 1, 2007 

(54) MULTI-PATH EQUALIZER Publication Classi?cation 
CONFIGURATION TECHNIQUE 

(51) Int. Cl. 
H04B 1/707 (2006.01) 

(76) Inventors: Rainer W. Bach], Nuremberg (DE); (52) US. Cl. ............................................................ .. 375/148 
Peter C. Gunreben, Moehrendorf 
(DE); Mirko Schacht, Munchen (DE) (57) ABSTRACT 

A technique for arranging a receiver device (20) includes 
Correspondence Address. equally spacing adjacent rake receivers (26-30) Within an 
CARLSON, G ASKEY & OLDS, P_C_ observation WindoW (OW). A disclosed technique for updat 
400 W MAPLE RD ing an observation WindoW includes changing the position of 
SUITE 350 one of the rake ?ngers (24, 30) While maintaining a position 
BIRMINGHAM, MI 48009 (Us) of other ones of the rake ?ngers. The disclosed technique for 

arranging rake ?ngers in a receiver device (20) does not 
(21) App1_ NO; 11/414,465 depend on searching and tracking channel conditions and 

reduces computational complexity Without sacri?cing 
(22) F?ed; Apr, 28, 2006 receiver performance. 
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MULTI-PATH EQUALIZER CONFIGURATION 
TECHNIQUE 

FIELD OF THE INVENTION 

[0001] This invention generally relates to communica 
tions. More particularly, this invention relates to Wireless 
communication. 

DESCRIPTION OF THE RELATED ART 

[0002] Wireless communications are used in a variety of 
situations. For communications in cellular networks, there is 
a need for a variety of receiving devices that receive 
Wirelessly transmitted signals. One type of receiver is 
knoWn as a rake receiver, Which includes a plurality of rake 
?ngers arranged to provide a desired performance. Rake 
receivers operate in a Well knoWn manner. Arranging the 
rake ?ngers in such a receiver is typically based upon the 
properties of the Wireless propagation channel. 

[0003] TWo properties that have to be addressed for most 
situations are the propagation delay, Which is caused by the 
distance betWeen the transmitter and the receiver, and the 
delay spread, Which is caused by the multi-path channel. 

[0004] A Well-knoWn device for compensating for delay 
spread is a so-called equalizer. In advanced CDMA receiv 
ers, for example, an equalizer is typically applied before the 
de-spreading stage. Computing equalizer ?lter coe?icients 
requires knoWledge of the channel co-ef?cients of the Wire 
less communication channel. In a CDMA system, for 
example, the channel coef?cients can be obtained by a 
channel estimation algorithm, Which usually operates on 
de-spreaded pilot symbols in the control channel. 

[0005] Measuring the timing properties of the Wireless 
channel is usually accomplished using a correlator unit 
acting as a searcher on the control channel containing the 
pilot symbols. The searcher obtains the channel energy 
response of the multi-path channel. FIG. 1A schematically 
shoWs an example channel energy response 10. FIG. 1B 
shoWs a corresponding rake ?nger assignment 12 Where a 
rake ?nger is assigned to each delay of the detected multi 
path. Comparing FIG. 1A and FIG. 1B, for example, shoWs 
the correspondence betWeen the position of the rake ?nger 
arrangement 12 and the position of the delays of the detected 
multi-path. While such an approach has proven useful for 
many situations, there are draWbacks. 

[0006] For example, an equalizer must have knoWledge of 
the channel coef?cients for making appropriate determina 
tions. De-spreading and channel estimation introduce some 
latency in the signal processing chain. Accordingly, the 
output of the channel estimation algorithm is typically not 
time-aligned With the input signal from the antenna. If an 
equalizer is placed before a de-spreader, the time delay of 
the channel estimates must be compensated by including a 
buffer such as a ?rst in, ?rst out (FIFO) buffer in front of the 
equalizer or the receiver performance Will suffer from the 
timing-misalignment. 
[0007] Moreover, it is computationally intense to have the 
searcher or correlator unit monitoring the control channel. 
Implementing such a searcher requires signi?cant process 
ing poWer When realized through softWare and a signi?cant 
amount of logic When realized through hardWare. In either 
event, the realization is relatively costly and causes high 
poWer consumption. 
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[0008] There is a need for a more ef?cient arrangement for 
processing received signals in Wireless communication sys 
tems. This invention addresses that need. 

SUMMARY OF THE INVENTION 

[0009] An exemplary method of con?guring a receiver 
includes equally spacing each of a plurality of rake ?ngers 
from an adjacent one of the rake ?ngers. 

[0010] In the disclosed example, the equal spacing com 
prises a selected amount of time. In one example, the amount 
of time is less than an inverse of a received signal band 
Width. 

[0011] A disclosed example includes determining a rela 
tionship betWeen poWer at the plurality of rake ?ngers and 
time. An observation WindoW containing the equally spaced 
rake ?ngers can be adjusted responsive to the determined 
relationship according to selected criteria. 

[0012] An exemplary receiver device includes a plurality 
of rake ?ngers having an equal spacing betWeen each rake 
?nger and an adjacent one of the rake ?ngers. 

[0013] The various features and advantages of this inven 
tion Will become apparent to those skilled in the art from the 
folloWing detailed description. The draWings that accom 
pany the detailed description can be brie?y described as 
folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1A schematically shoWs an example channel 
energy response. 

[0015] FIG. 1B schematically shoWs a rake ?nger arrange 
ment according to a prior art technique. 

[0016] FIG. 2 schematically shoWs an example receiver 
device designed according to an embodiment of this inven 
tion. 

[0017] FIG. 3 schematically shoWs a rake ?nger arrange 
ment that is useful in an embodiment of this invention. 

[0018] FIG. 4 schematically shoWs an example technique 
for adjusting an observation WindoW in an embodiment of 
this invention. 

[0019] FIG. 5 schematically shoWs another observation 
WindoW adjustment technique. 

[0020] FIG. 6 schematically illustrates another example 
receiver device employing an equalizer before despreading 
from a knoWn signal processing technique. 

[0021] FIG. 7 schematically shoWs another example 
receiver device designed according to an embodiment of this 
invention. 

DETAILED DESCRIPTION 

[0022] The folloWing examples demonstrate hoW equally 
spacing rake ?ngers using a constant or uniform timing 
separation betWeen rake ?ngers for processing a received 
signal reduces computational complexity and facilitates 
more ef?cient signal processing. 

[0023] FIG. 2 schematically shoWs an example receiver 
device 20 including an antenna 22 for receiving at least one 
signal. The example receiver device 20 includes four rake 



US 2007/0253470 A1 

?ngers 24, 26, 28 and 30. The rake ?nger 24, for example, 
includes a portion 32 for doWn sampling a received signal. 
In this example, each portion 32 performs doWn sampling by 
tWo. A de-spreading and de-channeliZation portion 34 
includes a ?lter 36 and a doWn sampling portion 38. In this 
example, the ?lter 36 corresponds to scrambling and chan 
neliZation codes. The doWn sampling portion 38 in this 
example doWn samples by the spreading factor using a 
knoWn technique. 

[0024] The rake ?ngers 24-30 are separated from each 
other in time and each of the rake ?ngers is equally spaced 
from an adjacent one of the rake ?ngers. The example of 
FIG. 2 includes a functional block 40 that corresponds to a 
spacing TS, Which corresponds to a selected amount of time 
betWeen the rake ?ngers 24 and 26. Another functional block 
42 introduces a spacing 2TS betWeen the rake ?nger 24 and 
the rake ?nger 28. Accordingly, a spacing TS exists betWeen 
the rake ?ngers 26 and 28. Another functional block 44 
introduces a spacing 2 TS in addition to that provided by the 
functional block 40 such that the rake ?nger 30 is separated 
from the rake ?nger 28 by TS. 

[0025] FIG. 3 schematically shoWs a rake ?nger con?gu 
ration 50 consistent With the example of FIG. 2. In this 
example, each of the rake ?ngers 24, 26, 28 and 30 is spaced 
from an adjacent one of the rake ?ngers by a spacing T5. The 
equal spacing TS betWeen the rake ?ngers does not depend 
on tracking delays on a detected multi-path and then assign 
ing the positions of the rake ?ngers. Instead, equally spaced 
rake ?ngers are arranged for processing a received signal. 
The spacing TS is selected independent of the type of 
searching and tracking that has otherWise been required. 

[0026] Selecting the TS spacing betWeen the rake ?ngers 
may vary to meet the needs of a particular situation. In one 
example, a three quarter chip spacing is used betWeen the 
rake ?ngers. The spacing TS need not be an integer fraction 
of the chip duration. One example technique for selecting 
the spacing TS includes ensuring that the spacing betWeen 
the rake ?ngers is smaller than the inverse of the signal 
bandWidth of the received signal. 

[0027] In the example of FIG. 3, the rake ?ngers 24-30 are 
spaced Within an observation WindoW shoWn at OW. The 
length of the observation WindoW in this example is 3T5. For 
receiver devices having K rake ?ngers, the observation 
WindoW length OW Will be (K—l)TS. 

[0028] Assigning the positions of the rake ?ngers in this 
manner reduces the computational complexity of a receiver 
device, in part, because it is no longer necessary to track the 
channel for determining hoW to position rake ?ngers. The 
siZe of the observation WindoW in general Will depend on the 
delay spread, Which depends on the cell siZe and the 
environment. 

[0029] An example like that shoWn in FIGS. 2 and 3 is 
especially useful for relatively small cells or so-called 
microcells because the delay spread is small and there is less 
variation in the propagation delay under such circumstances. 
Given this description, those skilled in the art Will realiZe 
hoW to implement an embodiment of this invention to meet 
the needs of their particular situation including selecting an 
appropriate observation WindoW siZe and appropriate spac 
ing betWeen the rake ?ngers. 

[0030] Referring again to FIG. 2, this example includes an 
equaliZer portion 60 that uses a knoWn technique for pro 
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cessing the received signal back to its original form after the 
de-spreading and de-channeliZation, for example. An equal 
iZer in this position of such a receiver device is unique. 

[0031] The example of FIG. 2 also includes timing control 
at 61 for knoWn reasons and functional blocks 62 that 
provide poWer measurement information at 64 that is useful 
for updating the observation WindoW. If a linear type equal 
iZer is used, the poWer measurement for single rake ?ngers 
can be alternatively approximated by taking the magnitude 
squares of the equaliZer Weights, for example. 

[0032] The equaliZer in one example is a linear type such 
as an LMMSE. In another example, the equaliZer 60 is a 
non-linear type such as a decision-feedback-equaliZer or a 
maximum likelihood-equalizer. The poWer measurements 
schematically shoWn at 64 in FIG. 2 are useful, for example, 
With non-linear type equaliZers. 

[0033] Adjusting the observation WindoW can be useful 
for maintaining a desired relationship betWeen a center of 
energy of a received signal and a center of the observation 
WindoW. For discussion purposes, consider a notation k for 
each of the rake ?ngers, a ?nger timing tk and a poWer 
measurement for each of the rake ?ngers Pk. Assuming that 
the timing for the earliest or ?rst in time of the rake ?ngers 
"U6 is provided by another instance of the receiver (e. g., from 
the preamble detector), at the start of reception the timing of 
all rake ?ngers is initialiZed using the folloWing relationship: 

[0034] Based on the poWer measurements Pk provided by 
the rake ?ngers 24-30, the center of energy over time "up can 
be determined from the folloWing equation: 

K 

2% 
k: 

T: 

[0035] The center of rake ?nger timing "5r can be deter 
mined from the folloWing equation: 

[0036] In this example, the previous equation provides a 
mean result because '56 does not necessarily start at Zero. 
This example compensates for such a situation. 

[0037] Depending on a determined relationship betWeen 
poWer at the plurality of rake ?ngers and time, the obser 
vation WindoW may be adjusted. In one example, if the 
center of energy over time and the center of the rake ?nger 
timing differ by more than a selected threshold, the obser 
vation WindoW Will be adjusted. In one example, the selected 
threshold is one-half of the timing separation TS (i.e., TS/2). 

[0038] FIG. 4 schematically shoWs an example Where the 
difference betWeen the center of energy and the center of the 
rake ?nger timing exceeds the selected threshold and the 
observation WindoW is adjusted by changing the position of 
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the rake ?nger 30. In this example, the rake ?nger 30 is the 
last in time of the rake ?ngers of the original observation 
WindoW. The position of the rake ?nger 30 is changed to 
become the ?rst in time of the rake ?ngers in the adjusted 
observation WindoW. In other Words, the rake ?nger 30 is 
essentially moved as schematically shoWn at 70 into a 
position at the beginning of the adjusted observation Win 
doW. 

[0039] One example includes using the folloWing relation 
ship 

1:13-1:11, <—TS/2 then l1.'=l1—KTS Where l=argmax{lk} 

for making an adjustment as schematically shoWn in FIG. 4. 
The folloWing relationship 

is used in an example to adjust the observation WindoW in a 
manner schematically shoWn in FIG. 5. In this example, as 
schematically shoWn at 72, the rake ?nger 24, Which Was the 
?rst in time of the rake ?ngers in the observation WindoW, 
is moved behind (in time) the rake ?nger 30, Which Was the 
last in time of the rake ?ngers in the observation WindoW. 
The adjusted observation WindoW includes the second in 
time of the rake ?ngers (i.e., rake ?nger 26) as the ?rst in 
time of the rake ?ngers in the adjusted observation WindoW. 
The rake ?nger 24 becomes the last in time of the rake 
?ngers Within the adjusted observation WindoW. 

[0040] One example includes determining Whether to 
adjust the observation WindoW every frame (e.g., every 10 m 
sec). Given this description those skilled in the art Will be 
able to select appropriate timing. 

[0041] An advantage to the techniques shoWn in FIGS. 4 
and 5 is that in either situation three of the four rake ?ngers 
remain in the same position. Leaving rake ?ngers in the 
same position reduces computation and processing required 
for resetting ?ngers. By only changing the position of one of 
the rake ?ngers, the observation WindoW can be adjusted to 
achieve a desired performance While keeping the computa 
tional complexity at a minimum. Additionally, the channel 
estimation ?lters and measurement averaging bulfers need 
not be reset for ?ngers remaining at the same position. This 
avoids otherWise potential performance loss during the 
initialiZation phase of rake ?ngers. This is a signi?cant 
advantage compared to the standard procedure Where rake 
?nger positions have to be continually estimated based upon 
continually tracking the delays on a channel. 

[0042] FIG. 6 schematically shoWs an advanced example 
receiver device 20' employing an equalizer before the 
despreading stage from a knoWn signal processing tech 
nique. In this example, functional blocks 80, 82, 84, 86, 88 
and 90 represent the spacing betWeen rake ?ngers such that 
the rake ?ngers are equally spaced. One difference betWeen 
the example of FIG. 6 and that of FIG. 2 is that the example 
of FIG. 6 utiliZes a linear combiner 92 folloWed by a 
resampling module 94. An example linear combiner is a 
linear equaliZer. One example includes an LMMSE equal 
iZer. The re-sampling module 94 performs doWn sampling 
from the sampling rate to the actual symbol rate. Another 
example is shoWn in FIG. 7 Where a receiver device 20" 
includes a plurality of re-sampling modules 94A-94H in 
front of the linear combiner 92'. In the examples of FIGS. 6 
and 7, the output samples are at the symbol rate. 
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[0043] The disclosed examples provide several advan 
tages. The output of the channel estimation is not time 
aligned to the input signal from the antenna. Therefore, 
When placing the equaliZer after the de-spreader, only the 
latency of the channel estimation has to compensated for. It 
becomes possible to employ a FIFO buffer for compensating 
for such latency, Which operates on the symbol rate. Because 
the symbol rate of a de-spreaded signal is much loWer than 
the double chip rate, the amount of memory required for 
such a FIFO buffer is much loWer than Was previously 
possible. Accordingly, the disclosed examples reduce com 
plexity While still alloWing for optimum performance. 

[0044] Another advantage of the disclosed examples is 
that assigning the rake ?ngers With a constant or equal 
timing separation betWeen them creates an observation 
WindoW. Maintaining the timing separation beloW the 
inverse of the signal bandWidth provides a useful timing 
separation betWeen rate ?ngers. With such an observation 
WindoW, it is no longer necessary to search and track the 
position of every single multi-path. The observation WindoW 
of the disclosed examples renders searcher and per-?nger 
trackers used in conventional rake receivers redundant. This 
provides signi?cant savings in terms of computations in the 
receiver. Again, computational complexity is signi?cantly 
reduced but optimum performance is still achievable. 

[0045] For situations Where the observation WindoW is 
larger than the maximum delay spread, Which Will occur in 
most small cells, the observation WindoW can be updated as 
described above. The disclosed example is very simple to 
implement in terms of computational complexity and is very 
ef?cient. Additionally, it alloWs for maintaining at least 
some of the rake ?ngers in a constant position, Which 
reduces complexity and prevents performance losses for 
otherWise resetting them. 

[0046] Changing only one rake ?nger at a time to update 
the observation WindoW depending on a desired direction of 
the timing update is also advantageous. The disclosed 
example technique is particularly useful for situations that 
rely on medium to long-term measurements of the rake 
?ngers. In such arrangements, the averaging buffers and 
measurements that otherWise need to be restarted for a rake 
?nger When it is reassigned can be reduced. The disclosed 
example adjustment technique for updating an observation 
WindoW reduces the number of re-assignments to a mini 
mum and further reduces computational complexity of a 
receiver device. 

[0047] The preceding description is exemplary rather than 
limiting in nature. Variations and modi?cations to the dis 
closed examples may become apparent to those skilled in the 
art that do not necessarily depart from the essence of this 
invention. The scope of legal protection given to this inven 
tion can only be determined by studying the folloWing 
claims. 

We claim: 
1. A method of con?guring a receiver, comprising 

equally spacing each of a plurality of rake ?ngers from an 
adjacent one of the rake ?ngers. 

2. The method of claim 1, Wherein the spacing comprises 
a selected amount of time. 

3. The method of claim 2, comprising 

selecting the amount of time to be less than an inverse of 
a received signal bandWidth. 



US 2007/0253470 A1 

4. The method of claim 2, comprising 

using K rake ?ngers, Where K is an integer; and 

using an observation WindoW that has a duration that is 
(K-l)*(the selected amount of time) for processing a 
received signal. 

5. The method of claim 1, comprising 

determining a relationship betWeen poWer at the plurality 
of rake ?ngers and time; and 

adjusting an observation WindoW containing the equally 
spaced rake ?ngers responsive to the determined rela 
tionship. 

6. The method of claim 5, comprising: 

changing a time position of a beginning of the observation 
WindoW. 

7. The method of claim 6, comprising 

keeping a time position of at least some of the rake ?ngers 
constant; and 

changing a time position of at least a ?rst one in time of 
the rake ?ngers. 

8. The method of claim 7, comprising at least one of 

moving a last one in time of the rake ?ngers in front of the 
?rst one in time of the rake ?ngers such that the last one 
in time of the rake ?ngers is at the time position of the 
beginning of the adjusted observation WindoW; or 

moving the ?rst one in time of the rake ?ngers behind the 
last one in time of the rake ?ngers such that a second 
one in time of the rake ?ngers is at the time position of 
the beginning of the adjusted observation WindoW and 
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the ?rst in time of the rake ?ngers is near an end of the 
adjusted observation WindoW. 

9. The method of claim 5, comprising 

determining a center of the poWer over time. 
10. The method of claim 9, comprising 

determining a center of the poWer over time from a poWer 
associated With each of the rake ?ngers; 

determining a center of timing of the rake ?ngers; and 

adjusting the observation WindoW if the determined center 
of energy and the determined center of timing dilTer by 
more than a selected amount. 

11. The method of claim 10, Wherein the selected amount 
is one half the spacing betWeen the rake ?ngers. 

12. A receiver device, comprising: 

a plurality of rake ?ngers having an equal spacing 
betWeen each rake ?nger and an adjacent one of the 
rake ?ngers. 

13. The receiver device of claim 12, Wherein the equal 
spacing comprises a selected amount of time. 

14. The receiver device of claim 13, Wherein the selected 
amount of time is less than an inverse of a received signal 
bandWidth. 

15. The receiver device of claim 12, comprising 

K rake ?ngers, Where K is an integer; and 

an observation WindoW that has a duration that is 
(K-l)*(the equal spacing), the observation WindoW 
being used for processing a received signal. 

* * * * * 


